radiographic exposure principles and
practice

radiographic exposure principles and practice form the backbone of high-quality diagnostic
imaging in healthcare settings. Mastery of these essential concepts ensures that radiologic
technologists produce clear, accurate, and clinically useful images while minimizing patient
exposure to radiation. This comprehensive article explores the foundational principles of
radiographic exposure, the critical factors that influence image quality, practical techniques for
optimizing exposures, and the importance of safety and quality assurance. Readers will gain a
thorough understanding of exposure factors such as kilovoltage, milliamperage, exposure time, and
their interrelationships. The discussion extends to practical tips for achieving optimal exposures,
troubleshooting common problems, and adhering to best practices in radiographic imaging. Whether
you are a student, a practicing radiologic technologist, or a healthcare professional interested in
radiography, this guide provides actionable insights into radiographic exposure principles and
practice, ensuring excellence in patient care and imaging outcomes.
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Understanding Radiographic Exposure Principles

Radiographic exposure principles are fundamental guidelines that dictate how X-ray images are
produced with optimal quality and minimal patient risk. At their core, these principles relate to the
controlled application of radiation to create diagnostic images that accurately represent internal
anatomical structures. Understanding the interaction between X-ray photons, the patient, and the
image receptor is crucial for achieving diagnostic clarity.

Radiographers must possess a comprehensive knowledge of how different tissues absorb or transmit
X-rays, the impact of exposure settings, and the importance of precise technique. Mastering
radiographic exposure principles and practice is essential for consistent, reproducible results in
clinical environments. This knowledge leads to improved diagnostic accuracy, better patient
outcomes, and adherence to regulatory standards.



Key Exposure Factors in Radiography

Several technical factors directly influence the outcome of radiographic exposures. These factors are
carefully selected and adjusted based on the exam type, patient size, and diagnostic requirements.
Understanding and manipulating these variables ensures optimal image quality and patient safety.

Kilovoltage Peak (kVp)

Kilovoltage peak (kVp) controls the energy and penetrating power of the X-ray beam. Higher kVp
results in greater penetration, reduced image contrast, and is typically used for imaging thicker
body parts. Lower kVp produces higher contrast images, suitable for visualizing fine details in
thinner anatomical structures.

Milliamperage (mA)

Milliamperage (mA) determines the amount of electrical current passing through the X-ray tube,
affecting the quantity of X-ray photons generated. Increasing mA increases image density and
reduces image noise, but also elevates patient dose. Appropriate mA selection is critical for
balancing image quality and radiation exposure.

Exposure Time (s)

Exposure time, measured in seconds, dictates how long the X-ray tube emits radiation during the
exposure. Shorter exposure times are essential for minimizing motion blur, especially in
uncooperative or pediatric patients. The product of mA and exposure time (mAs) determines the
total X-ray output.

Distance and Inverse Square Law

The source-to-image receptor distance (SID) has a significant impact on image quality and radiation
intensity. According to the inverse square law, doubling the distance between the X-ray source and
the image receptor reduces radiation intensity by a factor of four. Proper distance selection is vital
for consistent exposures.

e Kilovoltage peak (kVp): controls beam energy
e Milliamperage (mA): determines photon quantity

e Exposure time (s): duration of exposure



e Source-to-image distance (SID): affects intensity and sharpness

¢ Patient positioning: impacts image accuracy

Image Quality and the Exposure Triangle

Achieving optimal image quality hinges on a delicate balance between exposure factors, patient
dose, and diagnostic requirements. The "exposure triangle" consists of kVp, mA, and exposure time,
all of which interact to determine the final image's appearance and diagnostic value.

Density and Contrast

Image density refers to the overall darkness of the radiograph, primarily influenced by mAs.
Adequate density ensures that anatomical details are visible. Contrast, dictated mainly by kVp,
defines the difference in density between adjacent tissues, allowing differentiation of structures such
as bone and soft tissue.

Resolution and Sharpness

High spatial resolution is necessary to visualize fine anatomical detail. Factors affecting resolution
include focal spot size, patient motion, and SID. Techniques that minimize motion and maximize
geometric accuracy result in sharper images.

Noise and Artifacts

Image noise, often perceived as graininess, can obscure important details and reduce diagnostic
confidence. Selecting appropriate exposure factors and maintaining equipment performance helps
minimize noise. Artifacts, such as motion blur or foreign objects, must be avoided through careful
technique and patient preparation.

Practical Approaches to Radiographic Exposure

Applying radiographic exposure principles and practice in clinical settings requires a methodical
approach. Radiologic technologists must adapt techniques to accommodate patient variability,
anatomical region, and clinical indication.



Patient Assessment and Positioning

A thorough assessment of the patient's size, mobility, and medical condition guides the selection of
exposure factors. Proper patient positioning aligns the anatomy of interest with the image receptor,
reduces distortion, and optimizes image quality.

Exposure Technique Selection

Standardized exposure charts or automatic exposure control (AEC) systems help technologists select
appropriate kVp, mA, and exposure time for each examination. Customizing exposure parameters for
non-standard cases ensures diagnostic efficacy.

Reducing Repeat Exposures

Minimizing repeat exposures is essential for reducing cumulative patient radiation dose. Careful
technique, patient communication, and image review before exposure contribute to first-time
success.

Radiation Safety and Patient Protection

A core component of radiographic exposure principles and practice is ensuring patient and staff
safety. Adhering to the ALARA (As Low As Reasonably Achievable) principle reduces unnecessary
radiation exposure. Protective measures are integrated into daily practice to safeguard all
individuals involved.

Lead Shielding and Collimation

The use of lead aprons, thyroid shields, and gonadal shields helps protect sensitive body regions
from scatter radiation. Collimation restricts the X-ray beam to the area of interest, reducing patient
exposure and improving image quality by limiting scatter.

Time, Distance, and Shielding

Minimizing exposure time, maximizing distance from the radiation source, and utilizing appropriate
shielding are the three most effective methods for radiation protection. These practices are
embedded in every radiographic procedure.



Quality Assurance in Radiographic Practice

Maintaining high standards in radiographic imaging requires a robust quality assurance program.
Regular performance checks, equipment calibration, and adherence to established protocols ensure
consistent image quality and safety.

Routine Equipment Testing

Periodic testing of X-ray generators, image receptors, and ancillary devices identifies potential
issues before they affect clinical practice. Quality control procedures are critical for compliance with
regulatory requirements and accreditation standards.

Continuous Education and Training

Ongoing education for radiologic technologists ensures up-to-date knowledge of evolving exposure
principles, technology advancements, and safety guidelines. Regular training sessions reinforce best
practices in radiographic exposure.

Common Challenges and Solutions in Radiographic
Exposure

Radiographers routinely encounter challenges that can compromise image quality or increase
patient dose. Recognizing these issues and implementing effective solutions is vital for optimal
radiographic exposure principles and practice.

Dealing with Patient Motion

Motion artifacts are a common cause of repeat exposures. Short exposure times, clear instructions
to patients, and immobilization devices help reduce motion-related problems.

Imaging Obese or Pediatric Patients

Special attention is required when imaging obese or pediatric patients. Adjusting exposure factors,
using appropriate immobilization, and employing pediatric protocols are essential for obtaining
diagnostic images while controlling radiation dose.



Troubleshooting Exposure Errors

Common exposure errors include underexposure, overexposure, and incorrect positioning.
Reviewing images immediately after acquisition and understanding the cause of errors allows for
prompt corrective action and prevention of future mistakes.

Trending Questions and Answers about Radiographic
Exposure Principles and Practice

Q: What are the three main exposure factors in radiography?

A: The three main exposure factors are kilovoltage peak (kVp), milliamperage (mA), and exposure
time (s). These factors control the energy, quantity, and duration of X-ray production, directly
influencing image quality and patient dose.

Q: How does kVp affect image contrast in radiography?

A: Increasing kVp decreases image contrast, resulting in more shades of gray, while lowering kVp
increases contrast, making differences between tissues more pronounced. Optimal kVp selection
balances tissue penetration with diagnostic requirements.

Q: Why is collimation important in radiographic exposures?

A: Collimation restricts the X-ray beam to the area of interest, reducing patient exposure and scatter
radiation. This improves image quality by enhancing contrast and reduces unnecessary radiation to
surrounding tissues.

Q: What role does the inverse square law play in radiographic
practice?

A: The inverse square law states that radiation intensity decreases as the distance from the X-ray
source increases. Doubling the distance reduces intensity to one-fourth, making proper source-to-
image distance critical for consistent exposures.

Q: How can radiologic technologists minimize repeat
exposures?

A: Technologists can minimize repeat exposures by using proper positioning, selecting appropriate
exposure factors, communicating clearly with patients, and reviewing images before releasing the
patient to ensure diagnostic quality.



Q: What safety measures protect patients during radiographic
procedures?

A: Safety measures include using lead shielding, collimation, minimizing exposure time, maximizing
distance, and applying the ALARA principle to keep radiation doses as low as reasonably achievable.

Q: What is the function of automatic exposure control (AEC) in
radiography?

A: Automatic exposure control (AEC) systems help optimize exposures by automatically terminating
the X-ray when the correct amount of radiation has reached the image receptor, ensuring consistent
image density and reducing the risk of over- or underexposure.

Q: Why is quality assurance important in radiographic
exposure practice?

A: Quality assurance ensures equipment performance, consistent image quality, and adherence to
safety protocols. It includes routine testing, maintenance, and ongoing training to prevent errors
and maintain high standards in imaging.

Q: How should exposure factors be adjusted for pediatric
patients?

A: Exposure factors for pediatric patients should be reduced due to their smaller size and increased
sensitivity to radiation. Specialized pediatric protocols and immobilization techniques are used to
obtain high-quality images with minimal dose.

Q: What impact does patient motion have on radiographic
images?

A: Patient motion causes blurring and loss of detail in radiographic images, potentially
compromising diagnostic value. Short exposure times, clear instructions, and immobilization devices
help minimize motion artifacts.
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Radiographic Exposure Principles and Practice:
Mastering the Art of Image Acquisition

Are you ready to unlock the secrets behind crisp, clear, and diagnostically useful radiographic
images? Understanding the principles and practice of radiographic exposure is fundamental to
success in medical imaging. This comprehensive guide dives deep into the core concepts, helping
you master the techniques needed to produce high-quality images consistently. We'll explore the
intricate relationship between radiation, image receptors, and patient anatomy, ultimately equipping
you with the knowledge to optimize exposure parameters for various clinical situations.

Understanding the Fundamentals of Radiographic Exposure

Radiographic imaging relies on the controlled emission of X-rays to create an image of internal
structures. The key to a successful image lies in precisely managing the radiographic exposure,
which involves controlling several factors working together to create the desired level of radiation
reaching the image receptor. These factors, if improperly managed, can lead to either under-
exposure (too dark) or over-exposure (too light) resulting in a diagnostically unusable image.

##+#+# The Exposure Triangle: mA, kVp, and Time

The cornerstone of radiographic exposure control lies in understanding the interplay of three
primary factors:

Milliamperage (mA): This determines the quantity of X-rays produced. A higher mA setting
generates a greater number of X-rays, resulting in a darker image.

Kilovoltage Peak (kVp): This controls the quality and penetrating power of the X-rays. A higher kVp
setting produces X-rays with greater energy, allowing them to penetrate denser tissues more
effectively. This leads to a reduction in contrast (the difference in shades of gray between different
tissues).

Exposure Time (s): This dictates the duration of X-ray emission. A longer exposure time allows more
X-rays to reach the image receptor, leading to a darker image.

The precise balance of these three variables is crucial. Adjusting one will necessitate adjustments to

the others to maintain optimal image quality. For instance, increasing mA can be compensated for
by reducing exposure time to achieve the same overall density.

Factors Influencing Radiographic Exposure Beyond the
Exposure Triangle

While mA, kVp, and time are the primary controls, several other factors significantly influence the



final radiographic image:
#### Source-to-Image Distance (SID):

The distance between the X-ray tube and the image receptor is crucial. Increasing SID reduces the
intensity of the X-ray beam reaching the receptor, resulting in a less dense image. This requires
compensating adjustments to mA or time. Conversely, decreasing SID increases image density.

###4# Object-to-Image Distance (OID):

The distance between the object being imaged and the image receptor also impacts image quality.
Increased OID leads to image magnification and reduced sharpness, while decreased OID improves
sharpness and reduces magnification.

#### Patient Factors:

Patient size and composition significantly affect radiographic exposure. Larger or denser patients
require higher mA, kVp, or exposure times to achieve adequate penetration. This underscores the
importance of selecting appropriate exposure techniques based on the individual patient.

###4# Grids:

Radiographic grids are used to absorb scattered radiation, which can degrade image quality. Using a

grid necessitates an increase in exposure factors to compensate for the reduction in radiation
reaching the receptor.

Practical Applications and Techniques

Effective radiographic exposure involves more than just manipulating the exposure triangle. It
requires a comprehensive understanding of anatomy, pathology, and the specific capabilities of the
imaging system. Techniques such as:

Automatic Exposure Control (AEC): AEC systems automatically adjust exposure time based on the
detected radiation reaching the image receptor, simplifying the process and ensuring consistent

image density.

Exposure Charts and Technique Charts: These serve as valuable guides, providing pre-determined
exposure settings based on patient size and body part.

Image Analysis and Quality Control: Regular assessment of radiographic images is essential to
identify and correct any inconsistencies in exposure technique.

Conclusion

Mastering radiographic exposure principles and practice is an ongoing process that requires a



combination of theoretical knowledge and practical experience. By thoroughly understanding the
interplay of various factors and employing appropriate techniques, radiographers can produce high-
quality images essential for accurate diagnosis and patient care. Continuous learning and adherence
to safety protocols are key to maintaining proficiency in this critical aspect of medical imaging.

FAQs:

1. What is the impact of using a higher kVp setting? A higher kVp setting increases the penetrating
power of the X-rays, resulting in a more uniform image but potentially decreased contrast.

2. How does patient size affect radiographic exposure? Larger or denser patients require higher
exposure factors (mA, kVp, or time) to ensure adequate penetration and image density.

3. What is the purpose of a grid in radiography? Grids absorb scattered radiation, improving image
contrast and sharpness but requiring increased exposure factors to compensate for the radiation
reduction.

4. What is Automatic Exposure Control (AEC)? AEC automatically adjusts exposure time based on
the amount of radiation reaching the image receptor, ensuring consistent image density.

5. How can I improve my radiographic exposure technique? Continuous practice, regular review of
images, and utilizing exposure charts and AEC systems are vital for improving technique.

radiographic exposure principles and practice: Radiographic Exposure Jerry Ellen
Wallace, 1995 Basic math review included Text and workbook in one; includes 124 practice and lab
activities -- from lab experiments to crossword puzzles and word searches Activities on perforated
pages can be torn out and submitted to instructor Over 500 multiple-choice review questions
Numerous illustrations reinforce learning Each chapter begins with an outline and chapter
objectives and ends with a summary and multiple-choice review questions

radiographic exposure principles and practice: General Radiography Christopher M. Hayre,
William A.S. Cox, 2020-07-15 With chapters from globally recognized academics, General
Radiography shows the multifaceted approach to general radiography and how it enhances
healthcare delivery. Potentially influential to how healthcare delivery is offered, it begins with the
pertinent chapters examining image acquisition and dose optimization in diagnostic radiography.
Next, chapters reflect and critically discuss aspects central to patient care, and imaging within
trauma, critical care and pediatric situations. The final section of this book then explores the
learning, teaching and education in the field of diagnostic radiography, with novel strategies
illustrated.

radiographic exposure principles and practice: Practical Radiographic Imaging Quinn B.
Carroll, 2007 This eighth edition is a major revision and update of Fuch 's Radiographic Exposure
and Quality Control including a title change. The book is a most expansive and comprehensive text
on radiographic exposure and imaging, encompassing the vast and intricate changes that have taken
place in the field. As with previous editions, the book is intended to complement radiographic
physics texts rather than duplicate them, and all chapters on conventional radiography have been
fully revised to reflect state-of-the-art imaging technology. Part I, Producing the Radiographic
Image, presents chapters on x-rays and radiographic variables, recording the permanent image,
qualities of the image, and interactions of x-rays within the patient. Part II, Visibility Factors,
includes chapters on milliampere-seconds, kilovoltage-peak, machine phase and rectification,
beamfiltration, field size limitation, patient status and contrast agents, pathology and casts,



scattered radiation and image fog, grids, intensifying screens, and image receptor systems. Part III,
Geometrical factors, discusses focal spot size, the anode bevel, source-image receptor distance,
object-image receptor distance, distance ratios, beam-part-film-alignment, geometric functions of
positioning, and motion. Part IV, Comprehensive Technique, presents chapters on analyzing the
radiographic image, simplifying and standardizing technique, technique by proportional anatomy,
technique charts, exposure controls, patient dose, quality control, and solving multiple technique
problems. Part V, Special Imaging Methods, includes a concise overview of computers, the nature of
digital images and the fundamental processes common to all digital imaging systems. Specific
applications follow, including digital conversion of film images, DR, DF, CR, and image
reconstruction in CT and MRI. The methods of Three-Dimensional Imaging are then introduced with
beautiful illustration. The application of lasers in digitizing images and printing hard copies is
reviewed, ending with a balanced discussion of PACS and digital teleradiology. CR and DR provides
thorough coverage of the image matrix, pixel size, and fields of view, gray scale enhancement and
spatial resolution, followed by an excellent discussion of CRT image qualities including horizontal
and vertical resolution, contrast, dynamic range, and signal-to-noise ratio. Exposure and reading of
the photostimulable phosphor plate is nicely illustrated. Clear presentations on windowing concepts,
smoothing, edge enhancement, equalization, the digital workstation and display station are given.
Part VI, Processing the Radiograph, completes the text with chapters on digital processing
applications, practical applications for CR, automatic processors, film handling and duplication
procedures, and sensitometry and darkroom quality control. Each chapter concludes with an
examination that will help the student review materials and put them into perspective. Multiple
choice, fill-in-the-blank, and identification/explanation questions are all included. This book is by far
the best available for schools that are focused on the practical application of radiographic technique.
radiographic exposure principles and practice: Handbook of Equine Radiography E-Book
Martin Weaver, Safia Barakzai, 2009-12-01 The Handbook of Equine Radiography is a practical and
accessible how-to guide to obtaining high-quality radiographs of the horse. It covers all aspects of
taking radiographs of the commonly examined regions (lower limbs and skull) as well as less
frequently examined areas (upper limbs, trunk).The main part of the book consists of diagrams to
illustrate the positioning of the horse and the radiography equipment. For each view a benchmark
example of a normal radiograph is illustrated. The accompanying text for each radiographic view
succinctly presents the most relevant aspects.Practically orientated, and including chapters covering
such key areas as radiation safety in equine radiography and patient preparation, plus a
trouble-shooting section, the Handbook of Equine Radiography is an indispensable guide to
practitioners in all countries engaged in equine work. - Clear diagrams illustrate the positioning of
the horse and the radiography equipment - Contains all the information required to radiograph a
horse - Accessible to veterinary surgeons who obtain most of their radiographs in the field
radiographic exposure principles and practice: Radiographic Imaging and Exposure
Terri L. Fauber, 2008-02-01 This is a Pageburst digital textbook; the product description may vary
from the print textbook. With an integrated presentation of digital radiography and conventional
film-screen radiography, RADIOGRAPHIC IMAGING AND EXPOSURE, 3rd Edition provides
comprehensive coverage of the fundamental principles of imaging you need to know to produce the
highest-quality images and reduce the number of repeated radiographs. This practical text also
includes Patient Protection Alerts, Practical Tips, Important Relationships, and Mathematical
Solutions features throughout to provide helpful information every step of the way. An emphasis on
practical information focuses on imaging and exposure topics essential to becoming a competent
radiographer. UNIQUE! Integrated digital radiography coverage and a separate digital chapter
include information on how to acquire, process, and display digital images. UNIQUE! Practical Tips
boxes demonstrate how to apply concepts and use information in clinical practice. UNIQUE!
Important Relationships boxes call attention to the fundamentals of radiographic imaging and
exposure. UNIQUE! Mathematical Applications boxes familiarize you with the mathematical
formulas needed in the clinical setting. UNIQUE! Sections on Film Critique and interpretations in



the appendices teach you how to evaluate the quality of radiographic images and determine which
factors contributed to poor images. Expanded information and useful tables on quality control tests
help you ensure that you get the best image possible every time. Patient Protection Alerts discuss
how certain variables can impact patient exposure with tips on how to control them. Radiographic
Film Processing chapter now includes more information on image artifacts for a more
comprehensive look at radiographic film. Added information on computers and the types of digital
imaging, with new illustrations in the Digital Radiography chapter, keeps you up-to-date with the
latest digital techniques. Bulleted summaries at the end of each chapter provide a quick review to
ensure your understanding. A comprehensive glossary provides definitions for the terms in the book
to help you become familiar with the language of radiographic imaging.

radiographic exposure principles and practice: Essentials of Radiographic Physics and
Imaging James Johnston, Terri L. Fauber, EdD, RT(R)(M), 2015-11-04 Written by radiographers for
radiographers, Essentials of Radiographic Physics and Imaging, 2nd Edition follows the ASRT
recommended curriculum and focuses on what the radiographer needs to understand to safely and
competently perform radiographic examinations. This comprehensive radiologic physics and imaging
text links the two subjects together so that you understand how they relate to each other - and to
clinical practice. Prepare for success on the ARRT exam and the job with just the right amount of
information on radiation production and characteristics, imaging equipment, film screen image
acquisition and processing, digital image acquisition and display, image analysis, and the basic
principles of computed tomography. 345 photos and line drawings encourage you to visualize
important concepts. Strong pedagogy, including chapter objectives, key terms, outlines, bulleted
chapter summaries, and specialty boxes, help you organize information and focus on what is most
important in each chapter. Make the Physics Connection and Make the Imaging Connection boxes
link physics and imaging concepts so you fully appreciate the importance of both subjects. Educator
resources on Evolve, including lesson plans, an image collection, PowerPoint presentations, and a
test bank, provide additional resources for instructors to teach the topics presented in the text.
Theory to Practice boxes succinctly explain the application of concepts and describe how to use the
information in clinical practice. Critical Concept boxes further explain and emphasize key points in
the chapters. Math Application boxes use examples to show how mathematical concepts and
formulas are applied in the clinical setting. An emphasis on the practical information highlights just
what you need to know to ace the ARRT exam and become a competent practitioner. Numerous
critique exercises teach you how to evaluate the quality of radiographic images and determine which
factors produce poor images. A glossary of key terms serves as a handy reference. NEW! Updated
content reflects the newest curriculum standards outlined by the ARRT and ASRT, providing you
with the information you need to pass the boards. NEW! Critical Thinking Questions at the end of
every chapter offer opportunity for review and greater challenge. NEW! Chapter Review Questions
at the end of every chapter allow you to evaluate how well you have mastered the material in each
chapter. NEW! Increased coverage of radiation protection principles helps you understand the
ethical obligations to minimize radiation dosages, shielding, time and distance, how to limit the field
of exposure and what that does to minimize dose, and technical factors and how they represent the
quantity and quality of radiation. NEW! Conversion examples and sample math problems give you
the practice needed to understand complex concepts. NEW! More images highlighting key concepts
help you visualize the material. NEW! Expansion of digital image coverage and ample discussion on
differentiating between digital and film ensures you are prepared to succeed on your exams. NEW!
All-new section on manual vs. AEC use in Chapter 13 keeps you in the know. NEW and UPDATED!
Expanded digital fluoroscopy section, including up-to-date information on LCD and Plasma displays,
familiarizes you with the equipment you will encounter. NEW! Online chapter quizzes on Evolve
feature 5-10 questions each and reinforce key concepts. NEW! PowerPoint presentations with new
lecture notes on Evolve and in-depth information in the notes section of each slide make presenting
quick and easy for instructors.

radiographic exposure principles and practice: Radiation Exposure and Image Quality



in X-Ray Diagnostic Radiology Horst Aichinger, Joachim Dierker, Sigrid Joite-Barfuls, Manfred
Sabel, 2011-10-25 This completely updated second edition of Radiation Exposure and Image Quality
in X-ray Diagnostic Radiology provides the reader with detailed guidance on the optimization of
radiological imaging. The basic physical principles of diagnostic radiology are first presented in
detail, and their application to clinical problems is then carefully explored. The final section is a
supplement containing tables of data and graphical depictions of X-ray spectra, interaction
coefficients, characteristics of X-ray beams, and other aspects relevant to patient dose calculations.
In addition, a complementary CD-ROM contains a user-friendly Excel file database covering these
aspects that can be used in the reader’s own programs. This book will be an invaluable aid to
medical physicists when performing calculations relating to patient dose and image quality, and will
also prove useful for diagnostic radiologists and engineers.

radiographic exposure principles and practice: Digital Radiography Euclid Seeram,
2019-01-23 This is the second edition of a well-received book that enriches the understanding of
radiographers and radiologic technologists across the globe, and is designed to meet the needs of
courses (units) on radiographic imaging equipment, procedures, production, and exposure. The book
also serves as a supplement for courses that address digital imaging techniques, such as radiologic
physics, radiographic equipment and quality control. In a broader sense, the purpose of the book is
to meet readers’ needs in connection with the change from film-based imaging to film-less or digital
imaging; today, all radiographic imaging worldwide is based on digital imaging technologies. The
book covers a wide range of topics to address the needs of members of various professional
radiologic technology associations, such as the American Society of Radiologic Technologists, the
Canadian Association of Medical Radiation Technologists, the College of Radiographers in the UK,
and the Australian and New Zealand Societies for Radiographers.

radiographic exposure principles and practice: Medical Imaging Systems Andreas Maier,
Stefan Steidl, Vincent Christlein, Joachim Hornegger, 2018-08-02 This open access book gives a
complete and comprehensive introduction to the fields of medical imaging systems, as designed for a
broad range of applications. The authors of the book first explain the foundations of system theory
and image processing, before highlighting several modalities in a dedicated chapter. The initial
focus is on modalities that are closely related to traditional camera systems such as endoscopy and
microscopy. This is followed by more complex image formation processes: magnetic resonance
imaging, X-ray projection imaging, computed tomography, X-ray phase-contrast imaging, nuclear
imaging, ultrasound, and optical coherence tomography.

radiographic exposure principles and practice: Digital Mammography Ulrich Bick, Felix
Diekmann, 2010-03-11 Digital Radiography has been ? rmly established in diagnostic radiology
during the last decade. Because of the special requirements of high contrast and spatial resolution
needed for roentgen mammography, it took some more time to develop digital m- mography as a
routine radiological tool. Recent technological progress in detector and screen design as well as
increased ex- rience with computer applications for image processing have now enabled Digital
Mammography to become a mature modality that opens new perspectives for the diag- sis of breast
diseases. The editors of this timely new volume Prof. Dr. U. Bick and Dr. F. Diekmann, both
well-known international leaders in breast imaging, have for many years been very active in the
frontiers of theoretical and translational clinical research, needed to bring digital mammography ?
nally into the sphere of daily clinical radiology. I am very much indebted to the editors as well as to
the other internationally rec- nized experts in the ? eld for their outstanding state of the art
contributions to this v- ume. It is indeed an excellent handbook that covers in depth all aspects of
Digital Mammography and thus further enriches our book series Medical Radiology. The highly
informative text as well as the numerous well-chosen superb illustrations will enable certi? ed
radiologists as well as radiologists in training to deepen their knowledge in modern breast imaging.

radiographic exposure principles and practice: Principles of Radiographic Exposure and
Processing Arthur Wolfram Fuchs, 1958

radiographic exposure principles and practice: Basic Principles of Radiographic Exposure




Dianne C. De Vos, 1990

radiographic exposure principles and practice: Dental Radiography - E-Book Joen Iannucci,
Laura Jansen Howerton, 2011-03-14 Providing essential coverage of dental radiography principles
and complete technical instruction, Dental Radiography: Principles and Techniques, 4th Edition, is
your key to the safe, effective use of radiation in the dental office. The first ever full-color dental
radiography resource, this combination of a textbook and a training manual guides you step-by-step
through common procedures, with accompanying illustrations, case studies, and interactive
exercises to help you apply what you've learned to practice. A concise, straightforward writing style
makes complex concepts more accessible and helps you easily identify the most important
information. Step-by-step procedures combine clear instructions with anatomical drawings,
positioning photos, and corresponding radiographs to help you confidently and accurately perform
specific techniques, thus minimizing radiation exposure to the patient. Helpful Hints detail common
problems you may encounter in practice and provide a checklist to guide you through the do's and
don'ts of imaging procedures. Quiz Questions at the end of each chapter assess your understanding
of important content. Key terms, learning objectives, and chapter summaries highlight essential
information to help you study more efficiently. Interactive exercises, terminology games, and case
studies modeled on the National Board Dental Hygiene Examination (NBDHE) on Evolve reinforce
your understanding and help you prepare for examinations. New chapter on cone beam computed
tomography (CBCT) familiarizes you with emerging practices in dental radiography. Updated
chapter discussions and new radiographs keep you up to date on the latest information in digital
imaging. UNIQUE! Full-color design and new illustrations and photographs clarify difficult concepts
and help you master proper positioning techniques. UNIQUE! A comprehensive appendix provides
quick, easy access to all mathematical formulas used in dental radiography.

radiographic exposure principles and practice: Principles of Radiographic Imaging (Book
Only) Richard R. Carlton, Arlene M. Adler, 2012-01-13 Important Notice: Media content referenced
within the product description or the product text may not be available in the ebook version.

radiographic exposure principles and practice: Clark's Positioning in Radiography 13E A.
Stewart Whitley, Gail Jefferson, Ken Holmes, Charles Sloane, Craig Anderson, Graham Hoadley,
2015-07-28 First published in 1939, Clark's Positioning in Radiography is the preeminent text on
positioning technique for diagnostic radiographers.Whilst retaining the clear and easy-to-follow
structure of the previous edition, the thirteenth edition includes a number of changes and
innovations in radiographic technique. The text has been extensively updated

radiographic exposure principles and practice: Clinical Imaging Physics Ehsan Samei,
Douglas E. Pfeiffer, 2020-06-30 Clinical Medical Imaging Physics: Current and Emerging Practice is
the first text of its kind--a comprehensive reference work covering all imaging modalities in use in
clinical medicine today. Destined to become a classic in the field, this book provides state-of-practice
descriptions for each imaging modality, followed by special sections on new and emerging
applications, technologies, and practices. Authored by luminaries in the field of medical physics, this
resource is a sophisticated, one-volume handbook to a fast-advancing field that is becoming ever
more central to contemporary clinical medicine. Summarizes the current state of clinical medical
imaging physics in one volume, with a focus on emerging technologies and applications Provides
comprehensive coverage of all key clinical imaging modalities, taking into account the new realities
in healthcare practice Features a strong focus on clinical application of principles and technology,
now and in the future Contains authoritative text compiled by world-renowned editors and
contributors responsible for guiding the development of the field Practicing radiologists and medical
physicists will appreciate Clinical Medical Imaging Physics as a peerless everyday reference work.
Additionally, graduate students and residents in medical physics and radiology will find this book
essential as they study for their board exams.

radiographic exposure principles and practice: Fundamentals of Oral and Maxillofacial
Radiology J. Sean Hubar, 2017-07-12 Fundamentals of Oral and Maxillofacial Radiology provides a
concise overview of the principles of dental radiology, emphasizing their application to clinical




practice. Distills foundational knowledge on oral radiology in an accessible guide Uses a succinct,
easy-to-follow approach Focuses on practical applications for radiology information and techniques
Presents summaries of the most common osseous pathologic lesions and dental anomalies Includes
companion website with figures from the book in PowerPoint and x-ray puzzles

radiographic exposure principles and practice: Radiographic Photography and Imaging
Processes D.J. Jenkins, 2012-12-06 The imaging aspects of radiography have undergone con many
sources and was in general freely given when requested siderable change in the last few years and
as a teacher of and this is gratefully acknowledged. In particular [ would radiography for many years
I have often noticed the lack of a like to express my sincere thanks for help and information to
comprehensive reference book for students. This book is an Mr J. Day of DuPont (UK) Ltd.
particularly for the infor attempt to correct that situation and I hope this text will be mation and
illustrations in the chapter on automated film of value not only to student radiographers but also
prac handling; Mr D. Harper and Mr R. Black of Kodak Ltd. ; tising radiographers as well. Fujimex
Ltd. ; CEA of Sweden; 3M (UK) Ltd. ; Wardray Much of the information is based on personal
experiment Products Ltd. ; D. A. Pitman Ltd. ; Agfa-Gevaert; PSR Ltd. and the knowledge gained of
students' difficulties in studying for their help with information on silver recovery, and this subject. I
have attempted to gather together in one book Radiatron Ltd. for their help with safelighting. All
were most all the information required to understand the fundamentals helpful in my many requests
for information. of the subject both for examination and for practice. Some To Mrs A. Dalton and Mrs
P.

radiographic exposure principles and practice: Basics of Radiation Protection How to
Achieve Alara Leonie Munro, World Health Organization, 2004-01-01 Reference to Medical
Technology and Radiation Medicine, including radiatiion dosage, protection, quality control and
adverse effect levels; a manual of radiography standards.

radiographic exposure principles and practice: Endodontics Mahmoud Torabinejad, Richard
E. Walton, 2009-01-01 This 4th edition is an essential scientific & clinical building block for
understanding the etiology & treatment of teeth with pulpal & periapical diseases. You'll easily
understand & learn procedures through step-by-step explanations accompanied by illustrations, as
well as video clips included on CD.

radiographic exposure principles and practice: Basic Radiology, Second Edition Michael
Y. M. Chen, Thomas L. Pope, David ]J. Ott, 2010-08-27 A well-illustrated, systems-based primer on
learning radiologic imaging Basic Radiology is the easiest and most effective way for medical
students, residents, and clinicians not specializing in radiologic imaging to learn the essentials of
diagnostic test selection, application, and interpretation. This trusted guide is unmatched in its
ability to teach you how to select and request the most appropriate imaging modality for a patient’s
presenting symptoms and familiarize yourself with the most common diseases that current
radiologic imaging can best evaluate. Features: More than 800 high-quality images across all
modalities A logical organ-system approach Consistent chapter presentation that includes: ---Recap
of recent developments in the radiologic imaging of the organ system discussed ---Description of
normal anatomy ---Discussion of the most appropriate imaging technique for evaluating that organ
system ---Questions and imaging exercises designed to enhance your understanding of key principles
Brief list of suggested readings and general references Timely chapter describing the various
diagnostic imaging techniques currently available, including conventional radiography, nuclear
medicine, ultrasonography, computed tomography, and magnetic resonance imaging An important
chapter providing an overview of the physics of radiation and its related biological effects,
ultrasound, and magnetic resonance imaging

radiographic exposure principles and practice: Fuchs's Principles of Radiographic
Exposure, Processing, and Quality Control Arthur Wolfram Fuchs, Quinn B. Carroll, 1985

radiographic exposure principles and practice: Fuchs's Radiographic Exposure,
Processing, and Quality Control Quinn B. Carroll, Arthur Wolfram Fuchs, 1998

radiographic exposure principles and practice: Principles and Practice of Radiation Therapy



Charles M. Washington, Dennis T. Leaver, 2015-04-01 The only radiation therapy text written by
radiation therapists, Principles and Practice of Radiation Therapy, 4th Edition helps you understand
cancer management and improve clinical techniques for delivering doses of radiation. A
problem-based approach makes it easy to apply principles to treatment planning and delivery. New
to this edition are updates on current equipment, procedures, and treatment planning. Written by
radiation therapy experts Charles Washington and Dennis Leaver, this comprehensive text will be
useful throughout your radiation therapy courses and beyond. Comprehensive coverage of radiation
therapy includes a clear introduction and overview plus complete information on physics, simulation,
and treatment planning. Spotlights and shaded boxes identify the most important concepts.
End-of-chapter questions provide a useful review. Chapter objectives, key terms, outlines, and
summaries make it easier to prioritize, understand, and retain key information. Key terms are bolded
and defined at first mention in the text, and included in the glossary for easy reference. UPDATED
chemotherapy section, expansion of What Causes Cancer, and inclusions of additional cancer biology
terms and principles provide the essential information needed for clinical success. UPDATED
coverage of post-image manipulation techniques includes new material on Cone beam utilization,
MR imaging, image guided therapy, and kV imaging. NEW section on radiation safety and
misadministration of treatment beams addresses the most up-to-date practice requirements. Content
updates also include new ASRT Practice Standards and AHA Patient Care Partnership Standards,
keeping you current with practice requirements. UPDATED full-color insert is expanded to 32 pages,
and displays images from newer modalities.

radiographic exposure principles and practice: Radiography in Modern Industry Eastman
Kodak Company. Radiography Markets Division, 1969

radiographic exposure principles and practice: The Dental Reference Manual Geraldine M.
Weinstein, Mitchell T. Zientz, 2016-11-29 This book is designed to meet the needs of both dental
students and dentists by providing succinct and quickly retrievable answers to common dental
questions. Students will find both that it clearly presents the particulars which should be familiar to
every dentist and that it enables them to see the big picture and contextualize information
introduced to them in the future. Practicing dentists, on the other hand, will employ the book as a
daily reference to source information on important topics, materials, techniques, and conditions. The
book is neither discipline nor specialty specific. The first part is wide ranging and covers the
essentials of dental practice while the second part addresses individual specialties and the third is
devoted to emergency dental treatment. Whether as a handy resource in the student s backpack or
as a readily available tool on the office desk, this reference manual fills an important gap in the
dental literature.

radiographic exposure principles and practice: Forensic Radiology Michael ]. Thali, M.D.,
B. G. Brogdon, Mark D. Viner, 2002-01-01 The scope of applications of forensic radiology includes
determination of identity, evaluation of injury and death, use in criminal and civil litigation, in
administrative proceedings such as workman's compensation hearings, in medical education, and in
research. Until now, there has been no single source of radiologic knowledge for various disciplines
to turn to when examining X-rays or other radiologic records as forensic evidence. This is the first
book to cover the entire spectrum of radiological applications in forensic science. Discover how
forensic radiology can be used to: Identify remains and determine issues such as animal vs. human
remains; whether one or more bodies are involved; and the age, sex, and stature of remains Evaluate
causes of death and whether it was accidental, homicidal, or self-inflicted Establish evidence in both
criminal and non-criminal proceedings Analyze bite marks to identify perpetrators Detect fakes and
forgeries in art works Determine whether child, spousal, or geriatric abuse is occurring And much
more Copiously illustrated with more than 640 pictures, Forensic Radiology is a visual guide and
standard reference not only for radiologists, but for everyone involved in the field of forensics-from
anthropologists to trial lawyers. This extremely readable text requires no background of medical
training to understand, yet is detailed enough to inform physicians and dentists interested in this
specialty field.




radiographic exposure principles and practice: Principles and Applications of Radiological
Physics Donald Graham, 2012 Rev. ed. of: Principles of radiological physics / Donald T. Graham, Paul
Cloke, Martin Vosper. 5th ed. 2007.

radiographic exposure principles and practice: General Radiography Christopher M. Hayre,
William A.S. Cox, 2020-07-15 With chapters from globally recognized academics, General
Radiography shows the multifaceted approach to general radiography and how it enhances
healthcare delivery. Potentially influential to how healthcare delivery is offered, it begins with the
pertinent chapters examining image acquisition and dose optimization in diagnostic radiography.
Next, chapters reflect and critically discuss aspects central to patient care, and imaging within
trauma, critical care and pediatric situations. The final section of this book then explores the
learning, teaching and education in the field of diagnostic radiography, with novel strategies
illustrated.

radiographic exposure principles and practice: Diagnostic Radiology Physics
International Atomic Energy Agency, D. R. Dance, 2014 This publication is aimed at students and
teachers involved in programmes that train medical physicists for work in diagnostic radiology. It
provides a comprehensive overview of the basic medical physics knowledge required in the form of a
syllabus for the practice of modern diagnostic radiology. This makes it particularly useful for
graduate students and residents in medical physics programmes. The material presented in the
publication has been endorsed by the major international organizations and is the foundation for
academic and clinical courses in both diagnostic radiology physics and in emerging areas such as
imaging in radiotherapy.

radiographic exposure principles and practice: Workbook for Bontrager's Textbook of
Radiographic Positioning and Related Anatomy - E-Book John Lampignano, Leslie E. Kendrick,
2017-02-14 Master radiographic positioning and produce quality radiographs! Bontrager’s
Workbook for Textbook of Radiographic Positioning and Related Anatomy, 9th Edition offers
opportunities for application to enhance your understanding and retention. This companion
Workbook supports and complements Lampignano and Kendrick’s text with a wide variety of
exercises including situational questions, laboratory activities, self-evaluation tests, and film critique
questions, which describe an improperly positioned radiograph then ask what corrections need to be
made to improve the image. A wide variety of exercises include questions on anatomy, positioning
critique, and image evaluation, with answers at the end of the workbook, to reinforce concepts and
assess learning. Situational questions describe clinical scenarios then ask a related question that
requires you to think through and apply positioning info to specific clinical examples. Chapter
objectives provide a checklist for completing the workbook activities. Film critique questions
describe an improperly positioned radiograph then ask what corrections need to be made to improve
the image, preparing you to evaluate the quality of radiographs you take in the clinical setting.
Laboratory exercises provide hands-on experience performing radiographs using phantoms,
evaluating the images, and practicing positioning. Self-tests at the end of chapters help you assess
your learning with multiple choice, labeling, short answer, matching, and true/false questions.
Answers are provided on the Evolve site. NEW! Updated content matches the revisions to the
textbook, supporting and promoting understanding of complex concepts. NEW and UPDATED!
Stronger focus on computed and digital radiography, with images from the newest equipment to
accompany related questions, prepares you for the boards and clinical success.

radiographic exposure principles and practice: Introduction to Radiologic Sciences and
Patient Care - E-Book Arlene M. Adler, Richard R. Carlton, 2013-08-13 Learn the professional and
patient care skills you need for clinical practice! A clear, concise introduction to the imaging
sciences, Introduction to Radiologic Sciences and Patient Care meets the standards set by the
American Society of Radiologic Technologists (ASRT) Curriculum Guide and the American Registry
of Radiologic Technologists (ARRT) Task List for certification examinations. Covering the big
picture, expert authors Arlene M. Adler and Richard R. Carlton provide a complete overview of the
radiologic sciences professions and of all aspects of patient care. More than 300 photos and line



drawings clearly demonstrate patient care procedures. Step-by-step procedures make it easy to
follow learn skills and prepare for clinicals. Chapter outlines and objectives help you master key
concepts. Key Terms with definitions are presented at the beginning of each chapter. Up-to-date
references are provided at the end of each chapter. Appendices prepare you for the practice
environment by including practice standards, professional organizations, state licensing agencies,
the ARRT code of ethics, and patient's rights information. 100 new photos and 160 new full-color line
drawings show patient care procedures. Updates ensure that you are current with the Fundamentals
and Patient Care sections of the ASRT core curriculum guidelines. New and expanded coverage is
added to the chapters on critical thinking, radiographic imaging, vital signs, professional ethics, and
medical law. Student resources on a companion Evolve website help you master procedures with
patient care lab activities and review questions along with 40 patient care videos.

radiographic exposure principles and practice: Medical Imaging - E-Book Elizabeth Carver,
Barry Carver, Karen Knapp, 2021-05-28 The third edition of Carvers’ Medical Imaging supports
radiography students to take a reflective, evidence-based approach that will enhance their practice.
This important textbook comprehensively covers the full range of medical imaging methods and
techniques in one volume, and discusses them in relation to imaging principles, radiation dose,
patient condition, body area and pathologies. It encourages the student to critically analyse their
work rather than simply carrying out tasks. The book has been updated by an impressive team of
contributors to align with developments in both radiographic techniques and the role of the
radiographer. It is an essential companion for students of BSc (Hons) diagnostic radiography, those
undertaking a foundation degree in radiographic practice or bachelor of medicine, and
postgraduates alike. Comprehensive, fully illustrated and well referenced discussion of all imaging
techniques. Full image evaluation for radiographic examinations, including common errors New
material on potential impact of errors on accuracy of the radiographic report New sections on
preliminary clinical evaluation for projection radiography examinations, which prepares students for
UK professional standards Section on cross infection implications (relevant post COVID-19) Includes
imaging of children with suspected physical abuse

radiographic exposure principles and practice: Clark's Essential Physics in Imaging for
Radiographers Ken Holmes, Marcus Elkington, Phil Harris, 2013-10-10 It is essential that any
practitioner working in an imaging department and using ionizing radiation has a sound knowledge
base. In order to understand the various factors affecting the production of diagnostic images,
practitioners must demonstrate a grasp of the fundamental definitions of physics and how these
principles may be applied to radiogra

radiographic exposure principles and practice: The Essential Physics of Medical
Imaging Jerold T. Bushberg, J. Anthony Seiberg, Edwin M. Leidholdt, Jr., John M. Boone,
2020-11-24 Widely regarded as the cornerstone text in the field, the successful series of editions
continues to follow the tradition of a clear and comprehensive presentation of the physical principles
and operational aspects of medical imaging. The Essential Physics of Medical Imaging, 4th Edition,
is a coherent and thorough compendium of the fundamental principles of the physics, radiation
protection, and radiation biology that underlie the practice and profession of medical imaging.
Distinguished scientists and educators from the University of California, Davis, provide up-to-date,
readable information on the production, characteristics, and interactions of non-ionizing and ionizing
radiation, magnetic fields and ultrasound used in medical imaging and the imaging modalities in
which they are used, including radiography, mammography, fluoroscopy, computed tomography,
magnetic resonance, ultrasound, and nuclear medicine. This vibrant, full-color text is enhanced by
more than 1,000 images, charts, and graphs, including hundreds of new illustrations. This text is a
must-have resource for medical imaging professionals, radiology residents who are preparing for
Core Exams, and teachers and students in medical physics and biomedical engineering.

radiographic exposure principles and practice: Radiation Protection in Diagnostic X-Ray
Imaging Euclid Seeram, Patrick C. Brennan, 2016-01-13 Radiation Protection in Diagnostic X-Ray
Imaging covers the recent developments that have been introduced to address the increasing dose



to the patient, and new assessment tools for use in dose optimization studies. Based on material
from ASRT, ARRT and CAMRT, as well as Current Concepts of Radiation Protection. Content is
mapped to the ARRT Radiation Protection Examination Specifications and ASRT Radiation
Protection Objectives. In addition to topics prescribed by the ARRT for the certification examination,
this book includes topics for advanced study. Some electronic and eBook versions do not include
access to Navigate 2 Advantage resources.

radiographic exposure principles and practice: Radiographic Imaging and Exposure -
E-Book Terri L. Fauber, 2013-08-09 With comprehensive coverage of both digital radiography and
conventional film-screen radiography, RADIOGRAPHIC IMAGING AND EXPOSURE, 4th Edition
helps you master the fundamental principles of imaging, produce clear images, and reduce the
number of repeat radiographs. This practical text also includes Important Relationship,
Mathematical Application, and Patient Protection Alert features throughout to provide helpful
information every step of the way. Comprehensive coverage of both digital radiography and
conventional film-screen radiography helps students and radiographers master the fundamental
principles of imaging, produce clear images, and reduce the number of repeat radiographs.
UNIQUE! Integrated digital radiography coverage includes information on how to acquire, process,
and display digital images. UNIQUE! Patient Protection Alerts highlight the variables that impact
patient exposure and how to control them. UNIQUE! Important Relationships boxes call attention to
the fundamentals of radiographic imaging and exposure. UNIQUE! Mathematical Applications boxes
familiarize you with the mathematical formulas needed in the clinical setting. NEW! Updated
information reflects the latest advances in digital imaging, fluoroscopy, and the X-ray beam with
added x-ray emission graphs. NEW! Image receptor and image acquisition coverage describes the
construction of image receptors and how the latent (invisible) image is captured, and addresses the
advantages and limitations of digital vs. conventional imaging processes. NEW! Image Evaluation
chapter allows you to practice applying what you’'ve learned about image quality and exposure
technique factors.

radiographic exposure principles and practice: Imaging Practice and Radiation Protection in
Pediatric Radiology Michael Seidenbusch, Veronika Rosenberger, Karl Schneider, 2019-12-18 This
book offers the reader sound advice on how to perform optimal conventional pediatric radiographs
and how to obtain quick and easy organ dose estimates in order to improve the optimization process
in pediatric imaging. Clear guidelines are provided for minimization of the radiation exposure of
children through optimization of the radiation exposure conditions, and conversion coefficients are
presented for calculation of the organ doses achieved in organs and tissues during conventional
pediatric radiography, taking into consideration both optimal and suboptimal radiation field settings.
Previously published conversion coefficients have failed to represent the variation in radiation field
settings in daily clinical routine, which has made it difficult for the pediatric radiologist to estimate
the impact of the field settings on absorbed doses in organs and tissues. The aim of this book,
co-written by a pediatric radiologist, a physician and physicist, and a medical radiation technologist,
is to address this issue by providing, for the first time, a thorough overview of clinical radiation field
settings and their implications for radiation protection. An accompanying volume is devoted to
fluoroscopy.

radiographic exposure principles and practice: Lessons Learned from Accidents in
Industrial Radiography International Atomic Energy Agency, 1998 This Safety Report contains the
findings of extensive research in terms of the lessons that can be learned from accidents which have
occurred in industrial radiography, both in developed and developing countries. The review was
carried out by a team of regulatory authorities, manufacturers and safety advisers. The objectives
were to draw lessons from the initiating events of the accidents, the contributing factors and the
consequences, and to identify several measures that, if implemented, would improve safety
performance in industrial radiography.

radiographic exposure principles and practice: Radiographic Image Production and
Manipulation Craig T. Shephard, 2003 Of photographic factors affecting image quality. p. 205.
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